In octopine-type A. tumefaciens R10, transfer of chromosomal arginine degradation genes (arc genes) was observed under conditions in which Ti plasmid transfer took place. However, transconjugants that had acquired the arc genes but not the Ti plasmid were recovered. During this process, several other chromosomal genes, such as genes encoding phage resistances or genes complementing a galactose utilization mutation or a glycine-serine auxotrophy, were transferred from strain R10 to the recipient.
Crown gall disease results from the transfer of a segment of DNA (T-DNA), located on the pathogenic Ti plasmid of the causative bacteria Agrobacterium tumefaciens, to the nuclear genome of the host plant, where it integrates. In transformed plant cells, expression of T-DNA genes modifies the mitotic and metabolic activities of the plant cells: (i) they escape the cell division controls of the plant to multiply to form a tumor, and (ii) they synthesize new compounds termed opines. These are specific growth substrates for the inciting bacteria, and genes involved in their utilization are Ti plasmid borne. Some opines also induce the conjugal transfer of the Ti plasmid between bacteria. Thus, the crown gall tumor can be described as an ecological niche favoring growth of the bacteria and propagation of the Ti plasmid (for reviews see references 3, 8, 9, 10, and 14) .
Octopine-type Ti plasmids enable their bacterial hosts to degrade octopine [N2-(1-D-carboxyethyl)-L-arginine] and other opines of the same family (1, 3, 10) . In strains harboring these plasmids, opine degradation and plasmid transfer are inducible by octopine (1, 12, 17) . Octopine degradation is determined by the octopine-inducible occ operon, which encodes genes involved in opine transport and breakdown (16) and arc genes responsible for arginine and ornithine degradation (4, 7, 16) . Independently of the presence of a Ti plasmid, most Agrobacterium strains carry a second set of arc genes probably localized on the chromosome (4). These chromosomal genes are induced by arginine, not by octopine. Exceptions are strain C58 and its Ti plasmid-free derivative C58C1, which lack the chromosomeencoded arc function. As a consequence, the latter strain cannot grow on arginine or ornithine as the sole carbon source, unless it harbors an octopine-type Ti plasmid on which the occ operon is induced (7) or constitutively expressed (7, 16 ).
An octopine Ti plasmid was introduced into strain C58C1RS (resistant to rifampin, 100 ,ug/ml, and to streptomycin, 500 ,ug/ml) by conjugation with the wild-type A. tumefaciens R10. The cross was performed at 28 to 30°C * Corresponding author. directly on the selective medium, which was a minimal medium (12) supplemented with octopine (10 mM) as the sole carbon and nitrogen source, streptomycin (500 jig/ml), and rifampin (100 ,ug/ml). The donor strain was pregrown in the presence of octopine (10 mM) to induce conjugative activity (17) and plated onto a petri dish which had been previously inoculated with the recipient (6). Numerous transconjugant colonies appeared, and the transfer frequency was estimated to be ca. 10-2 per donor and 1 x 10-3 to 4 x 10-3 per recipient cell. All colonies tested (12 of 12) were virulent on Kalanchoe tubiflora and degraded arginine upon induction by octopine (performed as described by Petit et al. [16] ). However, in control experiments in which the cross was performed onto arginine (10 mM) plates with antibiotics, colonies were obtained at frequencies which were about 1% of those observed on octopine selective medium. These frequencies were much higher than expected for antibiotic-resistant mutants of the donor or for mutants constitutive for octopine degradation. Since mutation of C58ClRS to utilization of arginine as the sole carbon and nitrogen source was never observed, these colonies (Arc') were studied. Four of the colonies were virulent on K. tubiflora and carried inducible octopine degradation function (Occ+). Three were avirulent and unable to degrade octopine (Occ-). One transconjugant of each type was further analyzed. Total DNA was extracted (5) from these transconjugants and restricted with the restriction endonuclease EcoRI (13) , and the restriction fragments were separated in an agarose gel (13) . A Southern transfer (13) of these fragments was prepared on a GeneScreen membrane (Dupont, NEN Research Products, Boston, Mass.) according to the instructions of the manufacturer. The membrane was hybridized with highly purified (2) and labeled pTiRlO DNA. Results showed that transconjugant A5 (virulent, Occ+) contained the whole Ti plasmid, whereas no similar pattern was seen in the other strain, Al (avirulent, Occ-).
Although strain A5 carries a Ti plasmid, the plasmidencoded arginine degradation functions cannot be responsible for the Arc' phenotype, since they were neither constitutively expressed nor induced by octopine. From these results, it was reasonable to assume that the Ti plasmidencoded arginine degradation functions were not responsible for arginine utilization in Al and A5. Therefore, we looked 6364 NOTES phenotypic traits of strains R10, C58ClRS, Al, and A5 by using API systems (API, Montalieu-Vercieu, France). These characters included utilization of simple and complex carbohydrates and of amino acids and organic acids and in vivo assays of various enzymatic activities. Results (Table 1) demonstrated that these strains can be distinguished on the basis of the following: (i) utilization of melezitose as the carbon source after mutation (strain R10 never grew on melezitose and did not mutate to utilization, whereas C58Cl did not grow but can mutate towards very good growth), (ii) utilization of sorbose as the carbon source, (iii) utilization of amygdaline as the nitrogen source, (iv) growth under anaerobic conditions in the presence of nitrate, and (v) sensitivity to various bacteriophages. Growth was confirmed by using Agrobacterium minimal medium (17) supplemented with melezitose and sorbose (2 g/liter) as carbon sources in presence of ammonium sulfate (2 g/liter); octopine (10 mM); amygdaline (2 g/liter) as a nitrogen source in presence of mannitol (2 g/liter); nitrate (KNO3, 10 mM) in anaerobic conditions (GasPak; BBL Microbiology Systems, Cockeysville, Md.) in the presence of mannitol (2 g/liter), ammonium sulfate (2 g/liter), and yeast extract (5 g/liter); and a solution (10 ml/liter) of the vitamins biotin (250 ,ug/ml), thiamine (100 p.g/ml), inositol (1 g/liter), calcium panthothenate (200 mg/ ml), and pyridoxine (100 mg/liter). All incubations were performed at 28 to 30°C. Strains Al and A5 shared characters from both strains R10 and C58ClRS (Table 1 ). In addition, control experiments showed that strain R10 never mutated to sorbose and melezitose utilizations or to growth in presence of nitrate under anaerobic conditions. With these results, we next analyzed 263 arginine-degrading independent isolates from the cross R10 x C58C1RS (Table 1) . These isolates fell into seven classes, not into a single one. In classes I, II, and IV, ca. 50% of the transconjugants were able to degrade octopine and therefore have inherited the Ti plasmid. Classes V, VI, and VII did not contain enough transconjugants to give significant results for octopine degradation. All of the isolates belonging to class III had exactly the same phenotype as the donor strain: they all contained a Ti plasmid and were able to degrade amygdaline as the nitrogen source. From these results, it was clear that acquisition of arc genes by the transconjugants, which depends on induction of the Ti plasmid conjugation, was independent of the presence of the Ti plasmid in the recipient cell and concomitant with the acquisition of other, unselected characters. Several transconjugants from each class were examined for their patterns of sensitivity to phages (S2, S3, S5, S6, 't3, (117, and (1124) . Essentially, results (not shown) confirmed that members of class III were probably strain R10 that escaped the selection for drug resistance. Phage sensitivity patterns in other classes varied, suggesting that the phenomenon studied might not be an Hfr-type chromosome transfer as observed with E. coli (for a review see several articles in reference 15).
Experiments with mutants were undertaken to assess the generality of the phenomenon. Two mutants of the recipient strain C58C1RS were obtained after carbenicillin enrichment of nitrosoguanidine-treated bacteria (11) . One was unable to grow on mannitol; the other did not utilize galactose (Gut-). They were conjugated with strain R10. Transconjugants were selected for growth on arginine as the sole carbon source and screened for their ability to grow on galactose or mannitol. Of 99 Arc' transconjugants obtained from the cross R10 x C58CI (Gut-), 26 were also able to grow on galactose. However, none of the six arginine-degrading transconjugants, obtained in the parallel cross with the mannitol utilization mutant, was able to degrade mannitol. In another experiment, an auxotrophic mutant of C58C1RS requiring both glycine and serine (obtained as indicated above) was crossed with R10. Here, transconjugants were selected for their ability to grow without glycine and serine. One hundred prototrophic transconjugants, obtained on min- imal medium at a frequency of about 4 x 10', were studied for their phenotypes. Again, the transconjugants fell into several classes, most of which were different from those observed in previous experiments ( Table 2 ). All the transconjugants but one were able to utilize arginine as the carbon source.
In addition to performing the experiments described above, we crossed a Ti plasmid-cured derivative of strain R10, grown on Agrobacterium minimal medium supplemented with mannitol (2 g/liter), octopine (10 mM), and ammonium sulfate (2 gfliter), with strain C58ClRS. Under these conditions, no arc gene transfer was observed. All these data indicate that the octopine-type Ti plasmid conjugative functions are able to promote chromosome transfer to a recipient strain. The following results are in favor of this assumption. First, no new plasmid was detected in Arc' transconjugants. Second, we observed concomitant transfer of several unselected genetic traits of the donor to the recipient. Finally, genes such as those involved in biosynthesis of amino acid were transferred. Strains R10 and C58C1RS are not isogenic; therefore, it is not possible to use the present data to map genes on the A. tumefaciens chromosome. However, analysis of the results given in Table 1 shows a possible coupling of genetic markers. Thus, all Arc' transconjugants which have lost the ability to grow under anaerobic conditions in the presence of nitrate have simultaneously lost the ability to grow on sorbose. Similarly, 99% of the transconjugants selected for prototrophy in the cross R10 x C58C1RS (Gly-Ser-) have acquired the ability to degrade arginine as the sole carbon source. Therefore, we think that these two pairs of functions could be determined on the R10 chromosome by neighboring genes.
No information on the chromosome transfer mechanism is available. Still, occurrence and involvement of regions of homology between the Agrobacterium chromosome and the Ti plasmid are a possibility, since the two sets of arc genes might encode related proteins (4) and insertion sequences have been detected in both the chromosome and the Ti plasmid of Agrobacterium strains (S. K. Farrand and Y. Dessaux, unpublished results).
Ti plasmid transfer was first observed in crown gall tumors, in which an important role in the propagation of the disease has been attributed to it (for reviews see references 3, 8, 9, 10, and 14) . It is tempting to speculate that chromosome mobilization, which should also occur in tumors (on the basis of these results), could play a role in this respect. This hypothesis makes sense, since chromosomally encoded virulence functions, absolutely required for pathogenicity, have been identified in Agrobacterium spp. (for a review see reference 14) .
We thank J. 
